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Laboratory Efficacy,

Suppression of Meloidogyne javanica in Soil, and Phytotoxicity Assays

I. A. Zasapa, H. FERRiS, aAnND L. ZHENG

Abstract: Extracts of Chinese herhal medicines from plants representing 13 families were tested for their ability 10 suppress
plant-parasitic nematodes, Fffective concentration (FEC.,, and L) levels for 18 of the extracts were determined in laboratory assays
with Meloidogyne javanica juveniles and all stages ol Pratylenchus vinus Ellicacy of 17 extracts was (ested against M. javanica in soil.

Generally, FC; and EC, values determined in the laboratory were

useful indicators for application rates in the soil. Extracts tested

from plants in the Liliaceae reduced galling of tomato by M. javanica and were not phytotoxic. Similarly, sothiocyanateyielding
plants in the Brassicaceae suppressed root galling without phytotoxicity, Other plant extracts, including those lrom Azadirachia
indica, Nevium oleander, and Hedera helix. suppressed root galling but were phytotoxic at the higher concentrations rested, Many ol
these plant sources have been tested elsewhere. Inconsistency in results across studies points to the need for identification of active
components and for determination of concentration levels of these components when plant residues or extructs are applied o soil.
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tylenchus vulnus, suppression, toxic effects, phytotoxicity.

Extracts or residues of more than 500 plant species,
used alone or in combination, are documented in the
literature on Chinese traditional medicine to have ac-
tivity against helminth and micro-invertebrate pests of
humans. In previous studies, we screened 159 candi-
date medicines, or their plant sources, for effectiveness
against plant-parasitic nematodes, Aqueous extracts
from 73 of those plant medicinal sources killed either
Meloidogyne javanica juveniles or Pratylenchus vulnus
(mixed stages), or both, within a 24-hour exposurce pe-
riod. Of 64 remedies reported as antihelminthics, 36
were effective; of 21 classified as purgatives, 13 killed
the nematodes; and of 29 indicated as generally effec-
tive against pests, 13 killed the nematodes. Sources of
effective extracts represented a wide range of plant
parts and plant taxa (Ferris and Zheng, 1999; Zheng et
al., 1999; Zheng and Ferris, 2001). A unique feature of
these plant materials is the extensive information on
their uses, physical characteristics, chemical composi-
tion, mode of action, and possible side effects as human
medicines (e.g., Miao, 1993; Ministry of Public Health,
1985). This background provides the potential for de-
signing plant-parasitic nematode management systerns
that use materials with different modes of action.

In the present study, we evaluate 18 additional Chi-
nese herbal remedies for their efficacy against plant-
parasitic nematodes. These tests, as in the earlier labo-
ratory study (Ferris and Zheng, 1999: Zheng et al,
1999: Zheng and Ferris, 2001), delimit the range of
candidate materials for evaluation in soil. The soil tests
are a necessary progression because laboratory bioas-
says are not necessarily indicative of how effective the
materials will be in practical application,
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MATERIALS AND METTIODS

Preparation of plant extracts: Plant extracts were pre-
pared by methodology similar to that described in Fer-
ris and Zheng (1999). Plant materials were air-dried
and then soaked in water for 24 hours. They were
squeezed through a cotton cloth to separate the aque-
ous extract from plant residue. For all extracts. the
stock concentration was 1 g dry plant material/10 g
distilled water; a 100% stock concentration was pre-
pared and diluted to make lower concentrations. Pre-
pared extracts were used immediately in laboratory or
greenhouse tests.

Effective concentration studies: The protocol developed
by Ferris and Zheng (1999) was used for laboratory
determination of the concentration of 18 plant sources
(‘Table 1) that killed 50% (EC5) and 90% (EC,,,,) of M.
javanica and P. vulnus. Nematodes were placed in cen-
trifuge tubes with different concentrations of extracted
plant material in water. Three replications were pre-
pared for each concentration level, After 24 hours, the
tubes were centriluged, the supernatant fluid removed,
distilled water added, and centrifugation was repeated.
The supernatant was removed and the remaining
nematode-contiining fluid was pipeted into a mobility
screen floating on distilled water in a 60 x 15-mm petri
dish. After 20 hours, the nematodes that had moved
through the mobility screen into the petri dish were
counted,

Greenhouse experiments: Seventeen plant sources, rep-
resenting a range of families (Table 2), were tested for
efficacy in greenhouse soil tests against M. javanica: Al-
livm cepa, Allium sativum, Armoracia lapathifolia, Asarum
swboldii, Asparagus cochinchinensis, Azadirachia indira,
Brucea javanica, Coptis chinensis, Cucurbita pPepo, Eugenia
caryophyllata, ( sinkgo biloba, Iedera helix, Nerium oleander,
Ophiopogon japonicus, Sinapis alba, Stemona sessilifolia,
and Zingiber officinale. The plant sources chosen had
demonstrated suppression of plant-parasitic nematodes
in the laboratory and are either commercially available
or can be collected from the field,
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Taste 1 Eftective Concentration,, and Effective Concentra-
tiong, values (percentige concentrations, | g/ 10-ml basis) [or juve-
niles of Melmdogyne javanica and mixed stages of Fratylenchus vufnus in
extracts of selecred plant species.

Melpiddngyne FPratylenchus
Tt e il

Plant Part EC., EC.,, BEs EC.,
Adbizzia pulibrissin Bark BLY 1467 895 4
Angrelica dahurica Roa 508 1356 @ i
Vrmoracia lapathifolia  Root 5.7 869
Brucea javanica Fruit 32,1  ##
Cornus officinalis Fruit 99.1 '
Chratargus pinnatifide  Fruit 398 1475
Cynanchum versicolor  Roo 727 1448 1357  ##
Cynanchum stauntoni  Rhivome /root 4859 #H
Emiliar sonchifolia Whaole plant 6.7 #H
Euphontia lurta Whole plant 524 *H 1269 ##
Gentiena scabra Raot 81.7 it 1205  ##
Homalomena ocenlta Rhizome # i
Houttuynia cordata Whaole plant 103,58 #
Ligusticum sinense Rhizome/root 44,1  144.%
Lobelia chinensis Whaole plant 1557 it 7649 ##
Ophiopogon japonicus  Root 203 1414
Polygonum aviculare  Whole plant ab2 T
Portulaca oleracen Whole plant 79.9 i 1941 #4

" Data are means of three replicates. Missing data indicate that s combination
was not tested,

" # indicates that estimared ECS; level is 52 ¢/10 ml water and mav he
impossible to prepare in aqueaus solulion,

“# indicates that estimated EC,,, level is
impossible 10 prepare in aqueous solution.

EC levels greater than 100% of stock solution concentration are estimated

by probit analysis extrapolation

=2 @/10 ml water and may be

Greenhouse experiments were conducted during
1998 and 1999. Two-week-old romato scedlings were
transplanted into L5iter clay pots filled with a 2:1
sand:loam mix. Tomato plants were allowed 10 grow for
20 to 30 days, depending on greenhouse conditions.
Pots were inoculated with 2,000 (1998) and 4,000
(1999) M. javanica juveniles per pot. In 1998, approxi-
mately 1 hour after inoculation, 300 ml extract was ap-
plied to the soil surface. Sufficient extract was applied
to saturate the soil without causing the excess to leach
from the bottom of the pot. An additional 300 ml ex-
tract was applied the next day so that each pol received
a total of 600 ml. In 1999, a total of 300 ml extract was
applied per pot in one application 1 hour after infes-
tation with nematodes. This amount was based on the
field capacity of the 2:1 sand /loam mix in the pots. For
each extract, three concentrations were evaluated
based on laboratory EC., and F( ap levels determined
either in this study or previously reported (Ferris and
Zheng, 1999; Zheng and Ferris, 2001). Two controls
were included, wmatoes with (+Mj) and without (=Mp
M. javanica; neither received plant exuact but did re-
ceive equivalent amounts of water. Each concentration
of extract was replicated five (1998) or four (1994)
times, and the experiments were arranged in com-
pletely randomized designs.

The soil in cach pot was drip-irrigated twice daily to

field capacity with a 180-N, 42-P, 156-K, 210-Ca. and
100-Mg mg/L nutrient solution. Atter 8 weeks, tomato
plants were harvested, and top, fruit, and root weights
and gall index (Daulton and Nusbaum, 1961) were de-
termined,

Data analysis: To standardize extract concentrations
experienced by the nematodes in the two experiments,
we calculated the amount of dry plant material applied
to each pot and adjusted the concentration to the 300
ml water in each pot at field capacity. Exposure con-
centrations are expressed as g dry plant material per 10
ml soil solution. Gall ratings were converted to percent
gall reduction based on 0% gall reduction in the +Mj
control. Tomato weights were expressed relative to the
weight of the -Mj control.

Data for each medicinal plant source were analyzed
separately and expressed as means, When testing ot the
same plant source was repeated, standardized data
from 1998 and 1999 were combined. All data were sub-

Jected to analysis of variance with the general linear

model (GLM) procedure of SAS (SAS Institute, Cary,
NC). Treatment means were separated with Duncan’s
multiple-range test at 2= 0.05. In both laboratory and
greenhouse experiments, ECg, and EC,, values were
determined for nematode mortality (or reduction in
root galling) by probit analysis (SAS Institute, Cary,
NC).

Resvrrs

Effective concentration studies: In some cases, EC,, and
ECy, levels of M. javanica were achieved at relatively low
concentrations of the plant extract le.g.. Armoracia
lapathifolia) (Table 1). Although 50% mortality of M.

Javanica was achieved at low concentrations of Ophiopo-

gon japonicus and Polygonwm aviculare, much higher con-
centrations were needed to achieve 90% mortality.
Whereas ECy, values for P. vulnus could be calculated
through probit analysis for some plant sources. the pro-

jected ECq, levels were always greater than 2 g/10 ml

water and may be impossible to prepare in aqueons
solution,

Greenhouse studies: When extracts were applied (o the
soil around tomato plants, three types ol responses
were observed: reduction in M. javanica galling and no
reduced plant growth: reduction in M. Javanica galling
and reduced plant growth: and extreme phytotoxicity.
Eight of the plant sources reduced M. Javanica galling
and were not phytotoxic to tomato plants at the con-
centrations tested (Table 3). Allium cepa and  Asaruom
sicholdii reduced galling at 1.5 and 1.6 g/10 ml, respec-
tively. For both of these plant sources there was a re-
duction in galling of tomato of at lcast 75% at all con-
centrations (data not shown). At the lowest concentra-
tions applied for the other plant sources, the reduction
n galling was 75% for Zingiber officinale, 29% tor Ophi-

opogon japonicus, 36% for Sinapis alba, 57% for Ginkgo
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Tamr 2.
Lo Lomato.

Taxonomic and growth characteristics of medicinal plants tested for Melaidogyne javanica suppression in soil and phytotoxicity

Growth
Plant source Clommaon tearme Family hahit Plant part
Alhium cepa L. Omion Liliaceae Herb Bulh
Allium sativwm 1. Garlic Li : [Terb Clove
Armaoracia lapathifolia Gilib. Horseradish Brassicaceae Herb Roat
Asarum sieholdii Miq. Wild ginger Aristolochiaceae Ierb Whole plant
Asparagus cochinchinensis Merr, Cochinchinese asparagus Liliaceae Herb Root
Azadivachia indica Adr. Juss. Neem Meliaceace Tree Bark
Brucea javanica Merr. Simaroubaceae Shrub Fruit
Coptis chinensis Franch, Coptis Ranunculaceae Herh Root
Cucurbita pepo L. Puimpkin Cucurbituceae Vine Seed
Fugenu caryophyllata Thunb. Dovetree Myriaceae Tree Clove
Cinkgo biloba 1., Maidenhair tree Ginkgoaceae Tree Fruit
Hedeva helix L. English Ivy Araliaccac Vine Whole plant
Nevium aleander 1. Oleander Apocynaceac Shirub Leal
Ophiopogon japonicus Ker-Gawl. Dwarf lilymarf Liliaceac Herh Root
Stnapis alba L. White mustard Brassicaceae Herb Seed
Stemona sessilifolis Mig). Stemaona Stemonaceac Herb Root
Zingiber officinale Rosc. Ginger Zingiberaceae Herb Stem

biloba, 84% for Coptis chinensis, and 56% for Allium sa-
tivm,

There was a range of response patterns of M. javanica
galling to different medicinal plant sources (Fig. 1). For
example, the percentage gall reduction increased pro-
portional to the concentration of Ginkgo biloba extract
(r® = 0.52; P=0.001). Relative tomato weight did not
decrease over this concentration range (P = 0.05).
While relative plant weight did not decrease with in-
creasing concentrations of Sinapis alba (P = 0.02), the
effect asymptote, at which there was no further reduc-
tion of galling, was reached at different concentrations
than tor Ginkgo biloba.

Eight of the plant sources tested reduced M. javanica
galling but were phytotoxic to tomato (Table 4). Azadi-
rachta indica, Cucurbata pepo, and Hedera hefix reduced
galling at least 90% at 1.6, 1.6, and 2.0 g/10 ml, respec-
tively. Azadirachta indica and Cucwrbita pepo were also
phytotoxic at these concentrations, while Hedera helix
was phytotoxic to tomato at >2.0 g/10 ml. Armoracia
lapathifolia and Nevium oleander were phytotoxic at 0.4
and >2.0 g/10 ml, respectively, and killed the plants.

Tanr 3. Lowest concentration of plant extract added to so1l
(g-per-10-ml basis)® resulting in Meloidogyne javanica gall reduction
where the extract was not phyvtotoxic o lomato.

Plant source Call reduction (g/ 10 ml)®

Allivm vepa 1.5
Aflium sativum 0.15
Asarum sieboldii 1.6
Coptis chinensis 0A
(;'f'nﬁ‘gu biloba 1.0
Ophiopogon japenicus 0.2
Stnapis alha 0.2
Zingiher officinale 1.4

U dry plant material per 10 ml soil solution.
" Lowest concentration at which gall reducnon occurs (Point C) in Fig. 3).

Armoracia lapathifolic reduced galling by 77% at 0.15
g/ 10 ml, and Nerium oleander reduced galling by 56% at
1.5 g/10 ml. A greater range of plant extract concen-
trations was tested for the other plant sources that were
phytotoxic to tomato. At 0.3 g/10 ml of Asparagus co-
chinchinensis there was a 75% reduction in galling, at 1.0
g/ 10 ml of Stemona sessilifolia there was a 59% reduction

Ginkgo biloba A
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TiG. 1. The effect of extract concentration of Ginkge biloba ()

and Sinapis alba (B) on % reduction in galling by Meloidogyne javanica
(rmangles) and relative plant weight (circles) of tomato. Vertical bars
indicate standard error. Dashed line represents tomato phytotoxicity;
solid line represents nematode galling,
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Tame 4. Lowew concentration of plant extract added to soil
(g-per-10-ml basis)® resulting in Meloidogyne javanica gall reduction
and reduction in growth of tomate,

%

Gall reduction i’lnmrmiri:)-

Plant source (/10 mh® (/10 ml)*
Armovacia f.-.!pam.tﬁ;f:'a .15 0.4
,-l.\pmu,r__ru.s cochtnchinensis 0.3 (.6
Azadirachta indica 1.6 2.0
Cucurbita pepo 1.6 1.6
Eugenia caryophylluta 0.2 0.6
Hedera heliy 2.0 =2.10)
Nevivm oleander 1.5 2.0
Stemone sess ilifolia 1.0 =2.0)

"¢ dry plant marerial per 10 mnl soil solution.
" Lowest comcentration at which gall reduction occurs {Paint ) in Fig. 3),

" Lowest concentration at which plvtotoxicin accurs (Poinr ¢ 'y in Fig, 3),

in galling, and at 0.9 g/10 ml of FEugenia caryophyllata
there was a 389 reduction in galling (Table 4),

Over the range of concentrations tested for Eugenia
canyophyllata and Stemong sessilifolia, the asymptote was
reached at different points (Fig. 2). There was a lincar
relationship between percent reduction in galling and
concentration up to 1.0 8/10 ml for Eugenia caryophyl-
lata (+* = 0.77). AL higher concentration of this plant
source (2.0 g/10 ml), tomato Plants died. For Stemona
sessilifolia the percent reduction in galling increased up
to 1.25 g/10 ml (2 = 0.88). Brucea javanica was phyto-
toxic at all concentrations applied (data not shown).

Eugenia caryophyllata 4
!
108
)
.06 g
(04§
a3
Lo2g
o 3
y— 14§
] 0.2 0.4 0.6 0.8 I 12
Concentration (10 mly
- e B
Stemona sessilifolia
1{10? ok g |
g 80 - 18
- |
4 I _
& 60 - 068
g8 40, 04 8
3 ' vl 5
20 0.2.5
g P eom 5
& 0 & e == W ] ; (0
1] 0.5 1 IZ5 2 2.5 x] 335
Concentration (/10 m)
F1c. 2. The effees ol extract concentration of Fugenia canvopiiliata

(A) and Stemona sessilifolia (B) on % reduction in galling by Meloido-
£yne javanica (triangles) and rela tive plang weight (circles) of tomaro.
Vertical bars indicate standard error. Dashed line represents tomato
phytotoxicity; solid line represents nematocde galling.

D ————

Zasada el al. 197

Tomato plants died within a few days of the application

of this plant sour
In the EC,,, and E¢ ‘o analyses for

ce,
M. javanica in soil

(Table 5), all concentrations of Allium cepa, Armoracia

lapathifolia, Asary

pepbo, and Hedera helix reduced roor
50%. The soil EC,y for Allium sattvum,
chinchinensis, and ¢ Optis chinensis could
mined because t
concentrations w

tested below [.0)

m sieboldii, Azadirachta indica. ¢ aeurbita
galling by more than
fl.\'l-ﬁruwgw.c -
not be deter-
he percen tage gall reduction ACTOSS
as not consistent, All concentrations
g/10 ml for Ginkgo biloba were not

significantly different from the control, Z."ugi/m'o[ﬁc'.fnm"c

was the only plant source that did not redyce
90% at any concentration tested (Table 5).

gal Iing by
Armoracia

lapathifolia and Neyiym oleander killed plants at higher

concentrations te
determined,

sted; therefore, the EC,; could not he

Drscussion

This study continues a progression of experiments to

determine the efficacy, as

sources of Chin

dqucous extracts,
ese herbal

of plant
remedies against plani-

parasitic nematodes, The initial laboratory evaluation

of 153 plant so
(1999) was by di
lects on nematod

rees reported in Ferris and Zheng
rect observation and measures of ef-
¢ motility. Of these 153, the i ‘50 and

ECyy have been determined for 43 plant sources—95

reported in Ferrig

here,

and }".heng (1999) and 18 reported

The extracts varied in their efficacy at different con-

centrations. The

selection of g stock solution concen-

tration of 1 g plant material /10 ml water provides no

quantifiable /quantitative

nents and theref;

measurce of
e is not useful as

active compo-
a standard for com-

Tapre 5, Summ-.U} of Effective [.:mf'm:rrmirm,,,, and Efective
Concentration,, values (g-per-10-ml basis)* fo Melvidogyne javanica
i soil.
== LB O R PN —

Plant source Plant part ECe ECq
Allivem cepa Bulb ¥ 1.6
Allivem sativum Clove il 0.3
Armoracia lapathifolia Ruot <)L 15 i
Asarum siholdii Whole plant <1.6 20
Asparagus cochinchinensis Ruor b L.u
Azadirachta indica Bark 1.6 20
Coptis chinensis Room wE 1.6
Cucurbita Jrep Seed <1.6 1.6
Lugenia caryaphyliata Clove 0.4 1.0
Cetvilegro biloha Fruit 1.0 2.0
Hedera helix Whole plani 2.0 2.0
Nevivem oleander Leat 15 ik
Ophiopogon Japonicus Root 0.4 1.0
Sinagis atba Secd (.5 0.4
Stemona sessilifolia Raoaot 1.0 2.0
Zingtber officinale Stem 1.8 Aol

* g dry plant material
" Not able to determiy

per 10 ml of soil solution.
1 based on dara,
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paring the relative efficacy of sources. Where the esti-
mated EC,, levels were >200% ol stock solution con-
centration (e.g., Gentwana scabra and Lobelia chinensis),
the data are not presented because, for most of these
plant materials, it was not possible to prepare stock
solution concentrations containing more than 2 g plant
material /10 ml water. In cases where the ECy,, level is
much greater than the EC. level, it mav be difficult to
obtain enough material 1o reach the EC,,, level in field
applications. This may be the case in obtaining enough
bark or truit material tor Albizzia julibrissin and Cratae-
gus pinnalifida, respectively.

All of the 17 plant sources tested in greenhouse soil
experiments recduced root galling by M. javanica. For
the majority ol plant sources tested, EC, and EC,,
levels determined in the laboratory and in soil were
similar. This demonstrates the value of screening plani
materials in the laboratorv before undertaking time-
consuming and costly greenhouse experiments. In ad-
dition to eliminating ineffective material, EC levels can
be determined in water as a basis for selection of con-
centrations for soil tests,

All of the plant sources tested from the family Lili-
aceae reduced nematode galling and were not phyto-
toxic to tomato. The nematicidal properties of Allium
sativiem and Asparagus cochinchinensis have been re-
ported (Sukul, 1992). The suppression of nematodes
may be due to the active components glucoside and
asparagusic acid in Asparagus spp. (Sukul, 1992) and
allicin in Allivem sativum (Gupta and Sharma, 1993). In
contrast, methanol extracts of Allium sativim bulbs and
Allivm cepa leaves were inactive against Bursaphelenchus
xylophitus (Mackeen et al., 1997). While we saw no phy-
totoxicity to tomato by Allium sativum. okra (Abelmoschus
esculentus) receiving aqueous extracts ol Allium sativiem
died within 24 hours (Sukul et al.,, 1971).

Armoracia lapathifolia and Sinapis alba, both in the
family Brassicaceac, reduced nematode galling in this
study. The ellectiveness ol extracts of plants in the fam-
ily Brassicaceae in suppressing plant-parasitic nema-
todes is well documented (Jing and Halbrendt, 1994;
Potter et al., 1998). Isothiocvanates, or related com-
pounds, produced by the hvdrolysis of glucosinolates
are purported to be responsible for the death or inhi-
bition of plant-parasitic nematodes,

Aqueous extracts of Zingiber officinale decreased root
galling by M. mcognita and were mildly phytotoxic to
okra (Sukul et al., 1974). Mackeen et al. (1997) tound
that methanol extracts of Zingiber officinale rhizomes
were not active against B, xylophilus. In this study, Zin-
giber officinale reduced the percent root galling across
the range of concentrations tested and was not phvto-
LoXic Lo lomato,

Azadivachta indica, or neem, has been studied exten-
sively for its clfects against plant-parasitic nematodes,
Kaempterol and myricetin are the chemical compo-
nents thought to be responsible for the nematicidal

properties (Qamar ct al., 1989). Leal extracts of Azadi-
rachta indica were toxic (o Helicolylenchus dibystera and
significantly increased the growth of tomato plants
(Firoza and Maqgbool, 1996). In our study, Azadirachta
indica was phytotoxic to tomato at the highest concen-
tration applied. Pradhan et al. (1989) demonstrated
that tomato scedling root-dips with Azadivachta indica
were more ellective than soil treatment in controlling
M. incognita.

From the latex-yiclding plants, we tested Nerium ole-
ander, family Apocynaceae. Fresh latex obtained [rom
Nerium oleander was 1oxic 1o juveniles and reduced egg
hatch of M. javanica (Zureen and Khan. 1984). In our
studies, while Nevium oleander suppressed M. javanica, it
was also phytotoxic at the highest concentration ap-
plied.

In the family Araliceae, we tested Hedera helix. Plants
in this family are known to contain polyacetylenes, spe-
cifically falcarinone in Hedera helix. The antifungal ac-
tivity of the polyacetylenes has been documented (Han-
sen and Boll, 1986). Our study demonstrated that Hed-
era helix suppressed M. javanica bul was phytotoxic at
the highest concentration applied.

Unless the mode of action is very specific, any plant
component eliciting an effect on nematode physiologi-
cal systems is likely also to have an effect on plant physi-
ological systems. However, phytotoxicity of a plant ex-
tract is not, a prievi, a basis [or rejecting its potential
utility in nematode management. Many antibiotics, for
example, are toxic to the patient if administered ai
levels above a specilied dosage. In these studies, we
have determined the concentration at which the ex-
tract becomes effective against nematodes in soil (Fig.
3. point €}, the concentration at which it becomes
phytotoxic to plants (point C,), and the concentration
at which some specified proportion of the nematode
population is affected—say >95% (E;) (point Cy). The
optimum concentration of the extract is that at which

100 100 _
=
%ﬁ 80 80 =
5 s E
= :__E: 60 _ 60 g
Z
g & 40 40 2
=1 — E
89 2] 20 2
@ | B
0 4 B =
0 20 40 60 80 100

Concentration (%)

Frc. 3. Conceptual model tor assessing field application potential
of plant extracts and residues in nematode management, C; = con-
centration at which the extract becomes effective against nematodes
m soil: €, = concentration at which it becomes phytotoxic to plants;
(= concentration at which a specified proportion of the nematode
population s allected; €, = concentration ol the material at which
the “benefit” is maximized: I, = the optimum henefir.

ot
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the “benefit™” (E,,,. the dillerence between positive ef-
fects on nematode viability and negative effects on
plant health) is maximized (point Cyp)- The most de-
sirable plant extracts are those with very specific modes
of action against the target organisms and no phyto-
toxic effects. We define these as Category A materials.
In Category B are plant extracts for which C, > Gy, that
is, significant mortality of the nematode population oc-
curs at concentrations below phytotoxic levels. In Cat-
egory C are those materials for which C, > C, and C

‘opt

> C,, that is, there is some benefit to application of

lower concentrations. Such materials might have appli-
cation when used in combination with other plant
sources to elicit synergistic effects. Category D materials
are those for which C; > C,. Category D materials ap-
pear to have little potential in nematode management
unless, similar to certain fumigant nematicides, they
can be applied early and dissipate prior to planting. In
that case, it may be possible to increase the differ-
ence in concentration between C, and C,, and to maxi-
mize E .. We characterize the plant extracts screened
in our soil tests according to these criteria (Tables 3
and 4).

In laboratory and greenhouse studies, plant sources
were screened for their ability to suppress plant-
parasitic nematodes. However, the active components
and their concentrations in the aqueous extracts of the
plant sources are not known. Further, solvent-based ex-
tracts (e.g., methanol) of these plant materials would
undoubtedly contain different range and concentra-
tions of active components. Aqueous extracts were used
in these studies in the belicf that they most closely re-
semble the chemistry of soil-incorporated plant resi-
dues. Although we have demonstrated that many plant
sources will suppress M. javanica in a soil environment,
it is recognized that efficacy may vary due (o many f[ac-
tors (e.g.. plant age, time of collection, location, appli-
cation technique, soil type). Future research in this
area should focus on the direct testing ol specific plant
components and their suppressiveness against plant-
parasitic nematodes,
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